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[57] ABSTRACT

In a steam soak oil recovery process in a heavy oil
reservolr which is susceptible to gravity override, im-
proved results are obtained by injecting the steam in the
form of a steam-foam-forming mixture which has a
chemical selectivity for being more mobile within the
reservolr in contact with the reservoir oil than in the
absence of that oil.

4 Claims, 6 Drawing Figures
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1

SELECTIVE STEAM FOAM SOAK OIL
RECOVERY PROCESS

BACKGROUND OF THE INVENTION

The present invention relates to a steam soak or cyc-
lic steam stimulation (or huff and puff) process for re-
covering oil. More particularly, the invention relates to
a process for increasing the oil-to-steam ratio in a steam
soak operation 1n a relatively thick homogeneous reser-
voir which 1s susceptible to gravity override and con-
tains substantially oil-desaturated zone in and above the
portions of oil sand which are in fluid communication
with the well.

Numerous patents have disclosed various uses of
steam and surfactants in connection with steam soak oil
recovery processes. For example, in 1966 U.S. Pat. No.
3,292,702 described a steam soak process in which aque-
ous surfactant was injected just before injecting steam
in order to provide increased injectivity and more com-
plete backflow of steam condensate. In 1967, U.S. Pat.
No. 3,357,487 described a steam soak process in which
a surfactant was injected ‘“directly into the steam” for
“increasing the sweep efficiency of the injected fluid”
(Col. 3, hines 51-62). In 1968, U.S. Pat. No. 3,412,793
described a steam soak process which was said to “at-
tain the known advantages of foam plugging of highly
permeable earth strata, but additionally can control the
length of time which those strata will remain plugged,
so that they may again be subjected to steam drive or
steam stimulation for any length of time desired.” (Col.
2, hines 12-16); with the plugging being due to injecting
a small amount of surface active agent directly into the
steam line at the surface of the well. In 1976, U.S. Pat.
No. 3,994,345 described a steam soak process in which
“long shut-in periods for the well which may be for a
period of about two weeks” (Col. 1, lines 58-60) are
avoided by injecting steam then injecting “material
which will cause to be formed in the formation a con-
densable foam blocking zone” (Col. 2, lines 5-7); such as
a steam foam present in an amount and of a strength
which is preferably sufficient to “block the passage of
steam into the well until the steam has transferred to the
formation substantially all of the heat” (Col. 4, lines
9-12). In 1978, Canadian Pat. No. 1,031,697 described a
steam soak process for producing oil from a zone imme-
diately underlying a gas cap by first plugging the gas
cap with enough self-collapsing foam, e.g., a steam foam
of the type described in U.S. Pat. No. 3,412,793, to keep
steam from entering the plugged zone. In 1979, Cana-
dian Pat. No. 1,057,648 described a process for increas-
ing the backpressure of steam used in a steam soak pro-
cess in which a thief zone is being plugged by steam
foam of the type described in U.S. Pat. No. 3,412,793,
by injecting alternating slugs of steam and surfactant to
form the steam foam plug.

As far as applicants are aware, it appears that in steam
soak processes in which a heavy viscous oil contains a
substantially oil-desaturated zone that tends to contain,
intake and/or retain significant amounts of steam and-
/or gas, the previously proposed methods for improv-
ing the efficiency of a steam soak operation were de-
signed for plugging and blocking such a desaturated
zone with a steam foam that is capable of preventing
steam inflow or outflow until the foam collapses due to
the cooling and condensing of the steam that forms the
gas-phase of the foam.

2
SUMMARY OF THE INVENTION

The present invention relates to an improvement in
an o1l recovery process in which steam is cyclicly in-

5 Jected into and fluid is backflowed from a heavy oil

reservolr which is susceptible to a gravity override that
causes an oil layer to become adjacent to a gas or vapor-
containing substantially oil-desaturated zone in which
there is an undesirable intake and retention of the in-

10 jected fluid within the desaturated zone. In the present

15

20

25

30

35

40

45

50

33

60

63

process, the steam to be injected is premixed with sur-
factant components arranged to form a steam foam
within the reservoir having physical and chemical prop-
erties such that it (a) is capable of being injected into the
reservolr without plugging any portion of the reservoir
at a pressure which exceeds that required for injecting
steam but 1s less than the reservoir fracturing pressure
and (b) i1s chemically weakened by contact with the
reservoir oil so that it is more mobile in sand containing
that o1l than in sand which is substantially free of that
oil. The surfactant-containing steam is injected into the
reservolr at a rate slow enough to be conducive to dis-
placing a front of the steam foam farther along the
oil-containing edge portions of the oil-desaturated zone
than along the central portion of that zone. And, fluid is
backflowed from the reservoir at a time at which at
least some steam remains uncondensed within the steam
foam 1n the reservoir.

DESCRIPTION OF THE DRAWING

FIG. 1 schematically illustrates a reservoir situation
to which the invention is applicable.

FIG. 2 schematically illustrates a test apparatus.

FI1G. 3 shows a graph of the percentages of injected
flurds which flowed through tube I of the apparatus of
FIG. 2.

FIGS. 4 and § show graphs of pressures with time
measured in the apparatus of FIG. 2.

FIG. 6 shows an overlay of portions of the graphs of
FIGS. 4 and 5.

DESCRIPTION OF THE INVENTION

It 1s known that when steam is injected into a heavy
o1l reservoir which is susceptible to gravity override the
reservolr rocks immediately adjacent to a steam soak
well tend to become heated to substantially steam tem-
perature and the injected steam tends to rise almost
directly upward before moving radially outward. This
forms a steam-containing zone having the general form
of an inverted cone, which zone becomes more and
more voluminous and oil-desaturated along the top of
the reservoir. When a substantial proportion of the oil
initially present in such a cone shaped zone has been
produced, the effective permeability to steam is in-
creased so that when more steam is injected, it tends to
preferentially flow upward into the upper portion of the
cone-shaped zone within the reservoir. Within that zone
the steam tends to condense (and thus lose pressure)
more rapidly along the cooler outer edges of the in-
creasingly oil-free cone-shaped zone. When fluid is
backflowed from the reservoir, it tends to leave a steam-

filled central portion in the cone-shaped zone, within

which the permeability to steam has been increased
relative to that near the outer edges of the coneshaped
zone. In addition, since the condensation of the steam
tends to cause the pressure within the oil-desaturated
zone to decrease, gravity drainage becomes the main
mechantism for displacing oil into the well.
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The present invention is, at least in part, premised on
a discovery that 1t is feasible to arrange surfactant com-
ponents which are mixed with steam so that the steam
foam formed within the reservoir formation has a chem-
ical selectivity relative to where it flows and where 1t is,
and where it remains, the least mobile. In the present
process, the surfactant component which 1s mixed with
the steam preferably includes at least one each of a
noncondensable gas, an aqueous solution of monovalent
cation salt, and at least one surfactant capable of form-
ing a steam foam having a relatively low mobility
within a sand pack containing the reservoir oil. The
kinds and amounts of the foamforming components are
arranged relative to the quality of the steam with which
they are mixed so that the mixture is capable of forming
a steam foam which is both less mobile in sand contain-
ing no reservoir oil than steam of the same quality and
is also significantly less mobile in sand which is free of
the reservoir oil than in sand which contains the reser-
voir oil.

Such a “chemical selectivity” is mainly responsive to
the proportions of the surfactant, water, electrolytes
and noncondensible gas which are mixed with the
steam. It 1s also responsive to the interaction between
the reservoir oil and the components of the steam-foam-
forming mixture, as well as, at least to some extent,
being responsive to the chemical composition of the
surface active components in that mixture. For exam-
ple, a change in the kind or amount of either the electro-
lytes or the surfactant may cause more change in the
mobility of the steam foam in sand containing the reser-
voir oil than in sand substantially free of that oil. An
important aspect of the present chemical selectivity is
its capability of causing a weakening or collapsing of
the flow resistance of hot steam foam when that foam
contacts significant proportions of the reservoir oil
before there has been any significant collapsing of the
steam which forms the gas-phase of that foam.

When such a chemically selective steam-containing
fluid is injected into the reservoir, the injection pressure
can be kept relatively high while keeping the rate of
inflow relatively low. The high injection pressure tends
to increase the temperature of the injected steam and
the slow rate of injection and flow in the reservoir tends
to enhance both the mobility increase due to the chemi-
cal-weakening of the foam near the oil-containing edges
of the oil-desaturated zone and the tendency for the
so-weakened foam to run ahead of the portion of foam

POROSITY
PORE VOLUME
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which is moving through the central portion of the
oil-desaturated zone.

In general, the surfactant components which are
mixed with the steam to be injected can be surfactant
components of the type described in U.S. Pat. Nos.
4,086,964; 4,161,217; and 4,393,937, The disclosures of
these patents are incorporated herein by reference. The
suitability of a particular arrangement of the surfactant
components to be used in a particular steam and reser-
voir can readily be determined by measurements of the
permeability reduction factor in the manners described
in those patents and in the present application.

FIG. 1 shows a typical steam soak well situation in a
West Coast heavy o1l reservoir. In such reservoirs the
sands are relatively homogeneous and have thickness in
the order of 75 to 400 feet and are generally free of
shales or other strata capable of restricting the vertical
migration of o1l or steam. As shown, an o1l bearing sand
1 is penetrated by a well containing casing 2, perforated
liner 3 and tubing string 4, for cyclic steam injection. At
the stage shown preceding cycles of injecting and back-
flowing steam have formed a steam chest 5 of substan-
tially desaturated sand. The desaturated zone i1s a sub-
stantially oil-free generally cone-shaped zone which
tends to accept a large proportion of the injected steam
and subsequently becomes depressurized (during a soak
period) so that the main mechanism for o1l production is
a gravity drainage aided by little or no pressure gradient
from the reservoir to the wellbore.

FI1G. 2 schematically illustrates an apparatus for mea-
suring the capability of a given steam-foam-forming
mixture for both reducing the mobility of steam injected

into a permeable medium containing a particular crude
oil and exhibiting a chemical-selectivity such that the

foam it forms 1s significantly more mobil in an oil-con-
taining portion of permeable medium than in an oil-free
portion of that medium. The apparatus consists essen-

~tially of a pair of matched sand packs or corecontaining

tubes filled with portions of permeable earth formations
having substantially equal permeabilities. The tubes I
and Il are mounted horizontally and provided with an
injection flowline 10 which i1s manifolded to provide
parallel flow paths through the tubes. Each of the tubes
i1s provided with pressure taps, designated as an Inlet
tap, Pl tap and P2 tap, for measuring the pressures at the
inlet and at two similarly spaced points within the tubes.
Tube I 1s also provided with an oil injection line 11.
The properties of the sand pack tubes are described in

Table 1.

TABLE 1
Properties of Sand-Packed Tubes I and II
TUBE 1 TUBE I
34.2% 34.1%
126. ml 125. ml
0.72 ml/mn 0.72 mi/mn
0.73 ml/mn 0.71 ml/mn
2.79 ml/mn .
6.0% 6.0%
1.0% Siponate A168
12 ml/mn
0.003
244° F,
12.5 psig
50%
4.58D 5.24D
0.932D 0.834D*
0.043D 0.029D
0.046 0.035

CONDITIONS EXISTING AT (Kg)::
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TABLE 1-continued

Properties of Sand-Packed Tubes I and II

TUBE I TUBE II
— e dUBE
NITROGEN/STEAM 0.004
TEMPERATURE 353° F.
PRESSURE 125 psig
STEAM QUALITY 425

mm_ﬁﬂ“ﬂﬁ_—l-u_u—_.—_.ﬂ_-—ﬂl_.____

*No oil present.

The measurements of the chemical selectivity of the
steam-foam-forming mixture were conducted in accor-
dance with the following schedule. Day #1— inject
J0% quality steam only through flowline 10 to show
even split of the steam between Tubes I and II. No oil is
present in either tube during this operation. See first day
portion of FIG. 3. Day #2— continue injecting 50%
quality steam into flowline 10 but now also inject oil
into Tube I via lie 11. Tube II now is taking the majority
of the steam (due to relative permeability effect caused
by o1l injection into Tube I). See second day portion of
FIG. 3. Day #3— inject 50% quality steam through
flowline 10, substantially as steam foam. Continue oil
injection into Tube I. The steam now preferentially
enters Tube I due to the debilitating effect of crude oil
on steam foam. The steam foam is “strongest” (i.e.,

causing less flow) in Tube II. See third day portion of
FIG. 3.

FIGS. 4, 5, and 6 show graphs of: (A) sequential
injections through tube I of 509 quality steam, that
steam mixed with oil, and that steam and oil mixed with
surfactant, sodium chloride and nitrogen, and (B) simul-
taneous and parallel injections through tube II, of 509%
quality steam and, subsequently, that steam mixed with
surfactant, sodium chloride, and nitrogen. Those injec-
tions were conducted with the apparatus mounted
within a constant temperature oven maintained at a
temperature of 210° F. At the end of each of the three
one-day injection periods, the pumps were stopped and
the system was shut in while being maintained at the
oven temperature until the next day’s operation.

During the first day operation, only 50% quality
steam was injected into both tubes. As shown in FIGS.
4 and 5, the pressures in all three pressure taps associ-
ated with each tube remained substantially equal and
constant. This illustrates the known dependency for the
mobility of steam to be substantially equal in earth for-
mations which are either free of oil, or which contain oil
at a steam residual saturation of oil.

During the second day operation, the 50% quality
steam plus a stream of reservoir oil was injected into
Tube I while the same quality steam, without any oil,
was 1njected into Tube II. The steam preferentially
entered Tube II because of the oil-injection-induced
relative permeability effects in Tube 1. See second day
portion of FIG. 3.

During the third day, a steam-foam-forming mixture
of 50% quality steam, surfactant, sodium chloride and
nitrogen, was injected into both tubes while oil was
injected into tube I. As most clearly portrayed in FIG.
6, which 1s an overlay of the third day pressure perfor-
mances 1n both tubes, significant differences were pro-
vided at the internal taps P1 and P2 in each of the tubes.

135

receiving the majority of the steam. See the third day
portion of FIG. 3.

As indicated in Table 1, the “permeability reduction
factor” of the steam-foam-forming mixture in Tube I
was 0.046 while that factor in Tube II was 0.035. The
“permeability reduction factor” relates to the ratio of
the effective mobility (or permeability) of steam by
itself to that of steam containing a foam-forming surfac-
tant component, relative to flowing through a permea-

20 ble medium. Where the permeability reduction factor is
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In the o1l free path through tube II, the pressures of 65

both taps P1 and P2 were signficantly higher than those
taps P1 and P2 of Tube I in which oil was present. This
1s also reflected in flows from the Tubes—Tube 1 is now

smaller it indicates the foam is stronger and results in a
greater reduction in mobility. The procedures for calcu-
lating such permeability reduction factors are described
in greater detail in U.S. Pat. No. 4,393,937.

In the present tests in which both oil-free and an

oil-containing paths are parallel (while the temperature
and mlet injection pressure are substantially equal) the
chemical-selectivity of the foamforming mixture in
contact with a particular reservoir crude is clearly dem-
onstrated. The higher pressure required to displace the
steam-foam through the oil-free path, the permeability
reduction factor exhibited in that path and the fact that
the volume of fluid which flows through that path (after
subtracting the amount of oil injected into Tube I) was
about 60% smaller than the amount which flowed
through Tube I show that.
- The procedure described above provides a method
for determining (or confirming) the chemical selectivity
for a preferred path to follow of a given mixture of
steam and steam-foam-forming components relative to a
permeable reservoir or medium containing a particular
crude oil. A pair of fluid conduits are arranged for
conducting parallel flows of fluid through actual or
simulated permeable earth formations of substantially
the same composition and permeability. Steam 1is ini-
tially injected into the conduits and, to the extent re-
quired, the arrangement is adjusted to obtain an even
split of the steam between the two conduits. Steam is
flowed through the conduits at a selected rate while the
reservoir oil or an equivalent oil is being flowed
through one of the conduits. A mixture of steam and
steam-foam-forming components are flowed, along
with the same oil, through the same system. A determi-
nation is then made of the relative mobility of the mix-
ture of steam and steam-foam-forming components
within the respective oil-free and oil-containing con-
duits 1n order to determine the chemical-selectivity of
that mixture for an oil-free or oil-containing path to
follow within a permeable porous medium.

In a reservoir such as that illustrated in FIG. 1, the
injection through tubing 4 of a mixture of steam and
steam-foam-forming components having good chemi-
cal-selectivity will cause the inflowing mixture to be
more mobile in the oil-containing portions of area 1 than
the more nearly oil-free portions of the steam chest 5.

In general the present invention is applicable to sub-
stantially any heavy oil reservoir in which the suscepti-
bility to gravity override has caused or made substan-
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SRR ated and supplied i in the form of substantlally any dry,
o wet, superheated or low grade steam in which the =
~ steam condensate and/or liquid components are com- generated by means of substantially any of the commer-

. patible with, and do not inhibit, the foam-forming prop- - cially available devices and techniques for steam gener=- oo
“ation. ‘A stream of steam being 1n3ected into a reservoir - -
is preferably generated and mixed, in substantially any =

'~ surface or downhole location, with selected proportions =+ |

SRS from about 10 to 90%, and more preferably, from about .
30

30 to 80%: In this regard, the ‘desired steam-foam is

foam-formmg mixture of the present invention can com-
prise substantially any gas which (a) undergoes little or
no condensation at the temperatures and pressures at
which the steam-foam-forming mixture in injected into
and displaced through the reservoir to be treated and
(b) 1s substantially inert to and compatible with the
foam-forming surfactant and other components of that
mixture. Such a gas 1s preferably nitrogen but can com-
prise other substantially inert gases, such as air, ethane,
methane, flue gas, fuel gas, or the like. Preferred con-
centrations of noncondensable gas in the steam-foam
mixture fall in the range of from about 0.0003 to 0.3
mole percent of the gas phase of the mixture. Concen-
trations of between about 0.001 and 0.2 mole percent are
more preferred and concentrations between about 0.003
and 0.1 mole percent are considered most preferred.

In general, the electrolyte used should have a compo-
sition similar to and should be used in a proportion
similar tho those described as suitable alkali metal salt
electrolytes in the U.S. Pat. No. 4,086,964. The use of an
aqueous solution containing an amount of electrolyte
substantially equivalent 1n salting-out effect to a sodium
chloride concentration of from about 0.1 to 5% (but less
than enough to cause significant salting out) of the lig-
uid phase of the steam is preferred.

As expressed in the U.S. Pat. No. 4,086,964, the pres-
ence in the steam-foam-forming mixture of an electro-
lyte substantially enhances the formation of a foam
characterized by a high degree of mobility reduction
and a low interfactal tension. Some or all of the electro-
lyte can comprise an inorganic salt, preferably an alkali

 tially imminent the: creation of a significantly large oil- :
... desaturated zone which has: the general shape of an.::
inverted cone and tends to become gas or vapor filled to:
-+ the extent that it tends to: intake and retain:significant:
.. proportions of the injected steam. Reservoirs like those : :
- inthe Midway Sunset field are typical and often contain  :
. significant proportions of air in: oil above:the upper .
.. portion of an oil layer. In such reservoirs, after injecting .
-+ in the order of:10-15 thousand barrels of steam and : -
1 allowing a 1-2 week soak time 'during a backflow pro-:
~duction cycle to reservoir - pressure is often quickly .

same basis. ‘Most preferably, the liquid phase of the = = =

. reduced to the order of 50 psig or less. In such reser- = oo foam-forming mixture contains between about 1.~ -

. voirs, the present steem—feam-fermmg mixture 1s prefer- and 4 percerit by wes ght el ectrelyte Further preferen i e REEEEEE R

o “ably injected at a relatwely low point within the cone-:
. . shaped desaturated Zone So that its relatwely hot, hlghly
~ pressurized steam contacts the oil-rich lateral edges of

R the oil desaturated zone and the foam is chemi eally; - to 6 more preferably thls ratle 15 m the range ef fmm; AEEE R AR
. weakened and seleetwely mobilized in those locations. ' || abeu 3 1to4. RS
- The steam used 1in the present process can be gener-

10;

 erties of the foam-forming components of a steam-foam- -
. forming mixture of the present invention. It is prefera-
1 ble that' the steam: quality of the steam: as generated '

" and/or amount of aqueous liquid with which it is mixed == Of substantially noncondensable gas, aqueous electro-

~ be such that the steam quality:of the resulting mixtureis lyte solution, and foam-forming surfactant. For exam- = =

- ple, in such a mixture, the quality of the steam which1s ...
generated and the concentration of the electrolyteand. - -+
- surfactant-containing: aqueous: liqud: with which - it1s:-.- ... .0
mixed are preferably arranged so that (1) the proportion. ...
of agueous: liquid mixed 'with: the dry steam which1s .0 0000000
injected into the reservoir is sufficient .to provide.a .-
steam-containing: fluid having a steam ‘quality of from: - ..+
 about 10-90% (and preferably from about 30-30%); (2) -« . =
the weight proportion of surfactant dissolved or dis- - =007

25

1 advantageously prepared by mixing the steam with
o agueous: solution(s) ‘of the surfactant component and
. optionally; an:electrolyte. The water content of ‘these
1 aqueous solutions must, of course, be taken into account:

ooin determmmg the steam quehty ef the mlxture belng

"515;§f01'me¢l T

. In general the neneendensable gas used in a steam-
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metal salt, more preferably an. alkah metal hallde and
most preferably sodium:chloride: b riiritiiiiiiiciiiriin
Preference may be generally stated for an electrolyteé iiiriiiaini
- concentration which has approximately the same effect
~on mobility reduction of the foam: as does a: sodium
chloride concentration of between about 0.1 and S per- 1 1.
cent by weight (but less than a salting out-inducing =~ |
- proportion) of the liquid phase of the steam-foam-form- = = = .1
ing mixture. More preferably, the electrelyte concen- i
’. tration is between 0.1 and 5 percent, calculated'onthe - .=

1 5 may generelly be stated, in steam—foam eempesmensg 2
“which contain electrolyte, for a weight ratio of electro- - .

~ lyte to surfactant which is in the range of from about 0.5

In: cempeundmg a steam foam—fermmg mlxture 111
5 accerdanee with the present invention, the steamcanbe =

persed in that aqueous liquid is from about 0.01 to 5.0
(and preferably from about 1.0 to 4.0); and (4) the
amount of noncondensable gas 1s from about 0.0003 to
0.3 mole fraction of the gas-phase of the mixture.

It will be observed, in this regard, that either or both
of the optional electrolyte and noncondensable gas
components might be, to some extent, supplied by the
reservoir itself and thus the total supply thereof by
surface facilities may not be necessary to the formation
of steam-foams in which they are present. However, for
best control over steam-foam composition and drive
process performance, substantially all of each of the
desired components of the steam-foam-forming mixture
are injected along with the steam. Devices suitable for
the mixing and injecting of steam-foam-forming mix-
tures for purposes of this invention are known to the art
and commercially available.

In general, the steam can be sultebly mixed with the
noncondensable gas, electrolyte, and surfactant up-
stream of the reservoir, with or without a mixing and-
/or foam-forming device. The devices and techniques
by which this is effected can comprise substantially any
of those which are currently commercially available.

What 1s claimd is:

1. In an o1l recovery process in which steam mixed
with steam-foam-forming components is injected into a
substerranean reservoir that contains a heavy oil and is
susceptible to gravity override and, after a soak period,
fluid is backflowed for production from the reservoir,
an improvement which comprises:
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mixing the steam injected into the reservoir with at
least one each of noncondensible gas, monovalent
cation salt and surfactant;

arranging the chemical compositions and proportions
of the components mixed with the steam relative to
both the quality of the steam and the chemical
composition of the reservoir oil so that the foam
formed by the mixture is significantly chemically
weakened by contact with the reservoir oil: and

Injecting the so-arranged mixture of steam and steam-
foam-forming components and producing the fluid
backflowed from the reservoir at rates and pres-
sures such that the steam foam located within a
zone of the reservoir in which the foam contacts a
significant proportion of oil, tends to become
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chemically weakened and more mobile before the
condensing of the steam from the gaseous compo-
nent of the steam foam has become significant.

2. The process of claim 1 in which the surfactant
consists essentially of an alpha-olefin surfactant.

3. 'The process of claim 1 in which the reservoir is one
in which the formation, around the well, of a desatu-
rated zone having the general shape of an inverted cone
1s at least substantially imminent.

4. The process of claim 3 in which the mixture of
steam and steam forming compounds is injected at a
location which is relatively low within the cone-shaped

desaturated zone.
* * * S *
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